
Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
APR 2008 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2008 to 00-00-2008  

4. TITLE AND SUBTITLE 
High-perveance W-band Sheet-beam Electron Gun Design 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Naval Research Laboratory,Vacuum Electronics Branch (Code 
6840),Washington,DC,20375 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 
See also ADM002087. Proceedings of the 2008 IEEE International Vacuum Electronic Conference (9th)
(IVEC 2008) Held in Monterey, CA on April 22-24, 2008. U.S. Government or Federal Rights License 

14. ABSTRACT 
see report 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

2 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



 

10.1: High-perveance W-band Sheet-beam Electron Gun Design 

Khanh T. Nguyen1, John Pasour, Edward L. Wright1, John Petillo2, and Baruch Levush 
 

Vacuum Electronics Branch (Code 6840) 
Naval Research Laboratory 

Washington, DC 20375 
(knguyen@estd.nrl.navy.mil / 202-767-3897) 

 
Abstract: A design methodology for sheet-beam 
formation and solenoidal magnetic field transport is 
described, and a point design for a W-band amplifier 
gun and beam transport is presented. The gun topol-
ogy flexibly permits adjustment of beam width to ac-
commodate various interaction circuits while 
maintaining beam height. This topology has been em-
ployed in the design of a 19.5 kV, 3.6 A (1.32 μ-perv.) 
gun with beam final cross-section of approximately 
4.2 mm x 0.32 mm, using the 3-D gun code 
MICHELLE in conjunction with the magnet code 
MAXWELL-3D. Beam thermal effects due to cathode 
temperature are also included in the simulation. 
 
Keywords: Sheet beam; W-band; electron gun; high 
perveance; amplifiers. 
 
Introduction  
Sheet-beam amplifiers offer the potential of much 
higher power than is feasible with round (pencil) 
beam amplifiers of comparable current density. Also, 
a solenoidal permanent magnet configuration can 
produce substantially stronger beam focusing than 
periodic permanent magnets (over suitably short dis-
tances), and hence allows much higher current density 
at a particular beam voltage. However, beam forma-
tion and transport are key challenges that must be 
overcome to fully realize these potential benefits. 

For sheet beams, the difficulty is due to the interplay 
between the electric field (beam space charge and 
accelerating field) and the applied axial magnetic 
field, which gives rise to E x B drift. This drift is the 
root cause of beam edge curling and diocotron effects 
[1], which distort the sheet beam. Since this drift is 
proportional to the electric field and inversely propor-
tional to the applied axial magnetic field, its impact is 
most pronounced in the accelerating region of the 

gun, where the space-charge and applied electric 
fields are high and the applied magnetic field is low, 
in general. Once initiated, this drift will be further 
exacerbated in the beam transport section due to beam 
non-uniformity, which is particularly serious for high 
current and low-voltage sheet beams, as in the case at 
hand. 

To minimize beam distortions, we employ in our de-
sign a modular approach, in which the gun region is 
magnetically shielded to electrostatically form the 
electron beam. The gun is followed by a matching 
section, which further compresses the beam in the 
transverse direction and introduces the formed sheet 
beam into the uniform magnetic field region for beam 
focus in the circuit. 

Beam Formation 
Employing this approach, a 19.5-kV, 3.6-A electron 
gun has been designed with the 3D gun code 
MICHELLE [2] in conjunction with the magnet code 
Maxwell 3D [3]. The cathode is a cylindrical cut sur-
face with a rectangular cross-section of approximately 
4 mm in width and 9.7 mm in height. The focus elec-
trode and anode are shaped to ensure that beam com-
pression is only in the beam height direction, with 
minimal beam excursion in the beam width. 

This uniform beam compression is illustrated by Fig-
ure 1, which shows the beam cross-section near the 
cathode and inside the beam tunnel. As can be seen, 
the beam width remains approximately constant, 
while the beam height is compressed by a factor of 
~30. It is worth noting that due to the rectangular 
cathode cross-section and uniform beam compression 
in our design methodology, the beam current density 
is quite uniform across the beam width. This uniform-
ity is advantageous as it maximizes beam-wave inter-
action in sheet-beam circuits.  

An integrated side view of the beam as it is being 
compressed in the gun region and matched onto a 
uniform magnetic field of 9 kG is shown in Figure 2. 
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The field is generated by a permanent magnet con-
figuration. 

 

   
Figure 1: Beam cross-section near cathode (left) 
and final beam cross-section in beam tunnel (right) 

 
Figure 2: An integrated side view of the electron 

beam as it being compressed and matched onto a 9-
kG uniform magnetic field. 

Figure 3 shows a 3-D view of the beam cross-section 
at fixed axial intervals along the gun for this particular 
design. Note that the rectangular shape is maintained 
throughout the beam compression process. 

 
Figure 3: Beam slices at fixed axial intervals. 

Transverse beam temperature affects the beam height 
and must be included in the design. Assuming a cath-
ode temperature of 1200o C, simulation with 
MICHELLE indicates the final beam height is 320 
microns (for comparison purposes, beam height 
would be 230 microns without thermal effect) at a 
beam width of 4.2 mm. The final beam size and pa-
rameters are suitable for use with our W-band sheet-
beam extended-interaction klystron (EIK) topology 
[4]. It is also important to point out that with our 
beam forming approach the electron beam width can 
be adjusted simply by changing the width of the cath-
ode and corresponding focusing electrodes. Thus, gun 
design can be flexibly modified to provide beam pa-
rameters as required by the beam-wave interaction in 
the circuit. 

Beam Transport 
Our novel permanent magnet design provides a flat 
field of 9 kG over approximately 2.0 cm in length 
(sufficient for our EIK circuit). Simulations with 
MICHELLE over this length indicate that no beam 
interception occurs. In fact, the formed beam can be 
transported in a uniform magnetic field as far as 6 cm 
with minimal interception. A preliminary collector 
design is also completed and will be presented. 

Conclusion 
A design methodology for sheet-beam formation and 
transport in a uniform (solenoidal) magnetic field is 
described. A high-perveance, low-voltage sheet-beam 
gun has been designed based on this methodology. 
Successfully developed, such a gun can provide the 
beam source necessary to drive future high power and 
compact mm-wave amplifiers. 
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